Acid and alkaline phosphatases were measured in the follicular fluid of 766 individual follicles from 96 cows. Follicles were obtained by bilateral ovariectomy or at slaughter from animals at various stages of the estrous cycle and pregnancy. Mean follicle size varied with the physiological state of the cow (P < .OOOl). Acid phosphame activity (U/pl) varied inversely with follicle size (P < .001) but not with stage of the estrous cycle or gestation. Total acid phosphatase activity per follicle increased with follicle size (P < .05). Neither acid phosphatase nor alkaline phosphatase concentration was associated with atresia. Alkaline phosphatase activity (U/pl) was greater in the smallest follicles (< 50 pl) than in other size groups (P < .Owl). Alkaline phosphatase activity (U/pl) was greater (P < .05) during the preovulatory phase of the estrous cycle than during other phases. A high concentration of follicular fluid phosphatases cannot be used as a marker for atresia but is characteristic of healthy small antral follicles.
Introduction
Regulation of follicle development is not fully understood; however, phosphatase enzymes have been implicated in both growth and atresia. Phosphatase enzymes are constituents of follicular fluid from cows (Caravaglios and Cilotti, 1957), pigs (McGaughey, 1975) and women (Caucig et al., 1972) . The greatest concentration of acid phosphatase (AcP) was found in fluid from the smallest follicles of cows (Van Kampen, 1978; Henderson and Cupps, 1981;  Wise, 1987) , pigs (Chang et al., 1976) and women (Breimecker et al., 1973) . Histochemical studies have associated follicular AcP with incipient atresia (Deane et al., 1962; Kar et al., 1962; Ryan, 1981) . McKay et al. (1961) . Szego (1974) and Dimino and Elfont (1980) suggested that AcP may be important in steroidogenesis. ' Present address: School of Nat. Sci., Hampshire College Amherst, MA 01002.
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Received February 13, 1989 . Accepted August 31. 1989. Alkaline phosphatase (AkP) is associated with impending atresia (Ryan, 1981; Wise, 1987) and inversely correlated with follicle size (Wise, 1987) . Alkaline phosphatase is found in theca and endothelial cells of antral follicles in cows ( Moss et al., 1954) , rats (Ford and Hirshman, 1955) , sows (Goode et al., 1966) and women (McKay et al., 1961) . Lobel and Levy (1968) and Kenney (1973) 
observed
AkP in bovine follicular tissue involved in active transport.
Objectives of this study were to evaluate AcP and AkP in individual bovine follicles and to determine their relationships to follicle size, atresia and changes during the estrous cycle and pregnancy.
Materials and Methods
Follicular fluid was aspirated from 766 antral follicles of 192 ovaries collected over a 2-yr period. Follicle sizes were measured by vulume; when that volume appeared to be greater than 1 ml, the fluid was removed with a 3-or 5-ml disposable syringe using a 1.91-cm, 25-gauge needle. Follicles that con- tained less than 1 ml of fluid were aspirated with Hamilton syringes of appropriate sizes using 25-or 27-gauge needles shortened to 1.3 cm. The aspirated fluid was placed into halfdram vials on ice unless the volume was too small to transfer, in which case the fluid was added directly to a vial for enzyme assay.
Enzyme assays were performed in duplicate when the volume of follicular fluid exceeded Twenty-one pairs of ovaries were obtained from cycling beef heifers by ovariectomy. For surgery, heifers were tranquilized with 10 mg acepromazine maleate3 i.m. and the incision site was line-blocked with lidocaine4. Following an incision in the left flank, both ovaries were removed with an ecraseur. Stages of the estrous cycle were known from the animals' cyclic history and from rectal palpation.
Seventy-five pairs of ovaries were obtained from cows and heifers of various breeds following slaughter. Number of animals and total number of follicles from each breed used in this study are shown in Table 1 . Following collection, ovaries were placed in sterile plastic bags and immersed in crushed ice for transport to the laboratory. Breed and approximate age of each animal, as determined by examining the teeth, were recorded and the reproductive tracts were examined for normality. Upon arrival at the laboratory, ovaries were mmmed and weighed. Corpora lutea were dissected 43 pl. In nonpregnant animals, stage of the estrous cycle was estimated according to the criteria described by Henderson and Cupps (1974) and categorized as follows. In Stage one, ovaries contained an antral follicle equal to or greater than .6 ml in volume and a regressed corpus luteum; in stage two, ovaries contained a corpus hemorrhagicum as described by Asdell (1955) ; in stage three, ovaries contained a developing corpus luteum weighing less than 3.2 g with a red or brown color; in stage four, ovaries contained a mature corpus luteum weighing more than 3.2 g that was wellvascularized and varied in color from light brown to a bright golden yellow; and in stage five, ovaries contained a regressing avascular, firm, orange or yellow corpus luteum weighing 3.2 g or less.
In pregnant animals, stage of gestation was estimated from the crown-rump length of fetuses as described by Harvey (1959) and Eckstein and Kelly (1977) . The first, second and third trimesters of pregnancy were represented by fetuses with crown-rump lengths of less than 16 cm, 16 to 49 cm, and 50 cm or more, respectively.
Acid and alkaline phosphatases were assayed by an adaptation of the procedures outlined in Sigma Technical Bulletin No. 104 (1974) . For the acid phosphatase assay, 60-pl aliquots of paranitrophenol phosphate disodium5, 4 mg/ml, were stored frozen in half-dram vials. Prior to incubation they were thawed at 37°C and 60 p1 of citrate buffer, pH 4.8, containing .09 M citric acid5 were added to each vial. Twenty-four microliters of follicular fluid were added to each vial, mixed and incubated at 37°C for 30 min. The reaction was stopped with 600 pl of .1 N NaOH. For AkP, paranitrophenyl phosphate disodium5, 4 mg/ ml, and .IO A4 glycine buffer5, pH 10.5, were mixed together in equal parts and stored frozen in 100 p1 aliquots in half-dram vials. Prior to assay, the substrate was thawed at 37°C. Ten microliters of follicular fluid were added to each vial; contentS were mixed and incubated for 30 min. The reaction was stopped by adding 1 ml of .06 N NaOH. Assays were performed in duplicate when follicular fluid volume exceeded 49 p1. Concentrations of both phosphatases were determined colorimetrically on a Gilford 250 spectrophotometer6 at 410 nm using disposable semi-micro cuvettes7.
Reagent and follicular fluid blanks were run as controls for each assay. The intra-assay coefficient of variation for AcP was 5.0% and the interassay coefficient of variation was 8.5%.
For AkP the intra-and interassay coefficients of variation were 5.5% and 9.0%, respectively. Units of enzyme activity were determined according to the following formulas: Acid phosphatase activity units/pI ( Following aspiration of follicular fluid, 46 follicles were split into sections to assess a possible relationship between enzyme activity and atresia. One section containing granulosa, theca and stroma was placed in Zenker-formal solution for fixation. Following fixing, sections were prepared by standard histological procedures for evaluation of the degree of atresia. Follicles were divided into six types related to degree of degeneration according to the following criteria. Type 1 (normal) had intact granulosa with no pyknotic cells observed in two separate fields of 100 cells each. contrasts. Differences between means of follicle size group and enzyme activity were tested for significance using Scheffe's multiple range test (Steele and Tome, 1980) .
Results
Seven hundred sixty-six antral follicles from 94 cows were measured and evaluated for phosphatase enzymes. Total number of follicles and number of cows of each breed are shown in Table 1 . Numbers of follicles and cows from each physiological state grouping are reported in Table 2 .
Average follicle size varied ( P < .0001) with physiological state of the cow. Mean follicle size from ovaries containing a preovulatory follicle was greater ( P < .05) than those from ovaries containing a corpus hemorrhagicurn, a developing corpus luteum, a mature corpus luteum and those from the second and third trimester of gestation. Average follicle size in ovaries containing a corpus hemorrhagicum was lower (P < .05) than those of groups 1 and 5 of the estrous cycle and the first trimester of gestation.
Acid phosphatase activity and AKUN in the fluid of follicles of different sizes are shown in Table 3 . Acid phosphatase activity (log transformed data) was greatest in smaller follicles (1 to 49 pl), intermediate in medium-sized follicles and lowest in larger follicles ( P < .05). Alkaline phosphatase activity was higher in small follicles than in the intermediate and large follicles ( P < .05).
Relationships between stages of the estrous cycle and gestation and ACUN and AKUN are shown in Tables 4 and 5 . Except for a possible rise in late gestation, ACUN was constant. In conuast, AKUN was higher ( P < .05) in fluid from ovaries with a preovulatory follicle ( Regression analysis of ACUN on follicle size was significant (P e .O001) and accounted for 1.7% of the variation. When data were log transformed, the regression was significant (P e .0001) and accounted for 13.5% of the variability. Regression of AKUN on follicle size was not significant; however, the logarithmic data were significant but accounted for only 3.3% of the variability. Regression of the log of ACUN on AKUN was significant (P < .05) and accounted for 1% of the variability.
Follicles were assigned a histological score based on the degree of degeneration observed. Regressions of histological score on ACUN and AKUN were not significant, indicating that these enzymes were not associated with follicular degeneration.
Overall, average size of antral follicles were smaller in heifers (.17 ml) than in cows (.29 ml). Acid phosphatase activity was greater in heifers (1.61 units vs 1.17 units) than in cows (P < .001). Heifers had greater In ACUN and 
Dlscusrion
Phosphatases are enzymes that act by hydrolyzing phosphomonoester bonds and liberating free inorganic phosphate. Phosphatases usually hydrolyze all phosphomonoesters including 3' and 5' phosphoproteins. They also may be involved in the transfer of phosphates (Moog, 1946) . They are found in growing, regenerating and secreting cells where protein synthesis is occumng. The ratio of acid phosphatase activity to alkaline phosphatase activity varies over a wide range, and both enzymes can be present within a single cell. Phosphatases are involved in many different processes that require mobilization of phosphate ions or dephosphorylation as part of anabolic, catabolic or transfer processes.
Acid phosphatase is a normal constituent of bovine follicular fluid from healthy follicles (Menezo et al., 1978; Wise, 1987) . Its concentration was greatest in the smaller antral follicles; the results reported here are similar to those from bovine follicle pools (Van Kampen, 1978; Wise, 1987) as well as those reported for pigs (McGaughey, 1975; Chang et al.. 1976) , mares and ewes (Henderson and Cupps, unpublished data) and women (Caucig et al., 1972; Breitnecker et al., 1973) . The inverse relationship between follicle size and ACUN would suggest some relationship between its activity and follicle growth. Small bovine follicles have a longer mitotic time and a lower mitotic index than larger follicles do, which results in a longer passage time through the small follicle phase (Lussier et al., 1987) . Lussier et al. (1987) calculated that it takes a small antral follicle 27 d to pass through the small follicle stage out of 41.5 d from antrum development to preovulatory size. The small follicle classification of the present study falls within the limits of the classification of small follicles by Lussier et al. (1987) . Acid phosphatases in the bovine uterus inactivate estrogen receptors by dephosphorylation (Aumchio, 1981a.b). If AcP have a similar function in the follicle, then estrogen would not stimulate production of its own receptor in conjunction with FSH. Follicular fluid acid phosphatase also might function as a phosphoprotein and inactivate a cyclic AMP-dependent protein kinase (Dyson, 1978; Alberts et al., 1983) . High concentrations of acid phosphatase found in follicular fluid of small antral follicles might limit their ability to respond to gonadotropin stimulation.
Follicles from animals in the preovulatory phase of the estrous cycle have a higher AKUN than follicles from other phases of the estrous cycle and the first trimester of pregnancy. Wise (1987) similarly found higher concentrations of AkP in both the largest follicle group and the pooled small follicle groups during the early part of the estrous cycle. The preovulatory phase of the bovine estrous cycle is characterized by high concentrations of estradiol and gonadotropins in blood (Kesner and Convey, 1902; Hansel and Convey, 1983) .
Other researchers have found follicular AkP to rise in response to exogenous gonadotropins.
Administration of human chorionic gonadotropin or LH increased the AKUN in ovaries of prepubertal mice and induced a kinetically distinct isozyme (Bramley, 1976) . Van Kampen (1978) found higher AKUN in follicles from cows superovulated from equine chorionic gonadotropin than in follicles from control cows during the luteal phase of the estrous cycle. These observations suggest that high gonadotropin concentrations may induce an increase in follicular AKUN. Furthermore, Goode et al. (1966) reported a positive correlation between AKUN and steroidogenesis in bovine ovaries. Grody et al. (1982) cited direct and indirect evidence for a role of AkP in steroid receptor inactivation. It is premature to speculate on the function of follicular AkP during the preovulatory phase without further studies.
In the present study neither ACUN nor AKUN levels in follicular fluid were correlated with atresia as measured by histological condition. Both enzymes, especially AcP, have been cited as indicative of atresia or impending atresia (Ryan, 1981) . Wise (1987) reported a tendency (P < .lo) for AkP, but not for AcP, to be greater for atretic follicles. He also found AkJ? was correlated positively with progesterone, androstenedione, dehydroepiandrosterone and testosterone, but not with estradiol. The associated steroids are those found in small bovine antral follicles as well as in larger, atretic follicles (Henderson et al., 1982; Ireland et al., 1979) . Although acid phosphatase and alkaline phosphatase are ubiquitous enzymes that play important autophagic roles in many different tissues, the presence of these enzymes in follicular fluid of healthy small follicles suggest that they have a regulatory function in follicle growth. Alkaline phosphatase appears to increase in response to gonadotropin stimulation. Further studies are needed to determine the function of follicular fluid phosphatases.
implications
Greatest concentrations of acid and alkaline phosphatase were found in the smallest (< 50 PI) bovine follicles. Additionally, alkaline phosphatase was greatest in follicles during the preovulatory stage of the estrous cycle. Lack of a correlation with histological degeneration rules out the hypothesis that these enzymes are biochemical indicators of atresia. We suggest that these enzymes may serve regulatory roles in the small antral follicles and that alkaline phosphatases may be elevated in response to gonadouopins during the preovulatory phase. 
